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(71) We, Rheinisch-Westfalisches 
Elektrizitatswerk AG., a company or- 
ganized under the laws of the Federal Re- 
public of Germany, of 43 Essen, 
5 Kruppstrasse 5, Germany, do hereby de- 
clare the invention for which we pray that 
a patent may be granted to us and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 

10 lowing statement: — 

This invention relates to a plant for stor- 
ing and pumping air for power station in- 
stallations having at least one gas turbine 
set consisting of an air compressor, a com- 

15 bustion chamber, a gas turbine and an 
electric generator, the plant consisting of 
an underground air reservoir in a cavity in 
the ground and a constant-pressure water 
basin, the underground air reservoir and 

20 the water basin being hydraulically con- 
nected by a vertical shaft, and the under- 
ground air reservoir beting able to be 
charged up during off-peak hours from the 
compressor through suitable connecting 

25 pipes, and during peak hours to be con- 
nected to the combustion chamber of the 
gas turbine set instead of the compressor. 
— "Constant-pressure water basin" means 
that the water basin and the underground 

30 air reservoir are actively associated for 
what is known as "constant pressure 
storage and delivery". When empty of air 
the underground air reservoir is filled with 
constant-pressure water. During the filling 

35 operation the compressed air pushes out 
the water, which then goes via the vertical 
shaft into the water basin which is on the 
surface. At any time the only ruling factor 
for the pressure of the stored air is the 

40 difference between the upper and lower 
water levels. Consequently, with a suf- 
ficient depth of the underground air re- 
servoir the pressure of the stored air can 
be considered as being constant. An under- 

45 ground air reservoir with an associated 
[Pri 



constant-pressure water basin has quite 
considerable advantages compared to an 
underground air reservoir in which the pres- 
sure declines as the stored air is drawn 
off. In the first place it can be of sig- 50 
nificantly smaller design, as the air can be 
drawn off almost completely with the full 
storage pressure, and secondly it makes 
available for the combustion chamber of 
the gas turbine a supply of air which is 55 
always at the same pressure. 

In the case of plants for storing and 
pumping air of the kind described which 
are known (in theory), the underground air 
reservoir is a concrete construction with at 60 
least a double concrete shell and a seal in 
between to make it airtight and watertight 
The prevailing principle of construction is 
that an underground air reservoir must be 
of watertight and airtight construction, ir- 65 
respective of whether or not it is actively 
associated with a constant-pressure water 
basin. This is exteremely expensive, es- 
pecially as a high pressure of the com- 
pressed air demands a great depth for the 70 
underground air reservoir and the neces- 
sary constructional work to be carried out 
at that depth. ; 

The object of the present invention is to 
provide a plant for storing and pumping air 75 
of improved or simplified 'construction. 

According to the present invention a 
plant for storing and pumping air for 
power station installations having at least 
one gas turbine set consisting of an air 80 
compressor, a combustion chamber, a gas 
turbine, and an electric generator, the plant 
comprising an underground air reservoir in 
a cavity in the ground (having a sealing 
dome consisting of a sealing film which lies 85 
against the wall of the cavity and is open 
at its bottom edge to the floor of the cav- 
ity, and a constant-pressure water basin as 
hereinbefore defined, the underground air 
reservoir and the constant-pressure water 90 
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basin being hydraulically connected by a 
vertical shaft, and the underground air re- 
servoir being able to be charged up during 
off-peak hours from the compressor, 
5 driven, during off-peak hours, either by the 
gas turbine and /or electric generator or by 
an electric motor, through suitable con- 
necting pipes, to a filled condition in which 
the constant-pressure water still covers a 

10 bottom edge of the sealing dome while in 
an emptied condition some air still remains 
in the sealing dome in the region of the 
top of the cavity, the underground air re- 
servoir during peak hours, being connected 

15 to the combustion chamber of the gas tur- 
bine instead of the compressor. 

The gas turbine preferably comprises a 
high pressure, hot air turbine and a low 
pressure, combustion gas turbine. 

20 "Filled condition" denotes the oper- 
ational state with the maximum air con- 
tent. "Emptied condition", on the other 
hand, denotes the operational state with 
the minimum air content. In a plant 

25 according to the invention it is not essen- 
tial, from the point of view of its function- 
ing, that the sealing dome and therefore the 
sealing film be mechanically bonded to the 
ground. However, for reasons of easier in- 

30 stallation, it can be an advantage to make 
the arrangement such that the sealing 
dome is bonded at some points to the wall 
of the cavity. The sealing dome itself can 
with advantage consist of a film of syn- 

35 thetic material, but rubber or other suit- 
able materials can be used. The invention 
also includes bringing the intermediate 
space between the sealing dome and the 
wall of the cavity into pressure-equalising 

40 communication with the constant-pressure 
water, by means of an equalising device. 

The invention breaks away from the 
view that in an air storage and pumping 
plant of the category described in the in- 

45 vention the underground air reservoir must 
* be made watertight and airtight. The in- 
vention starts from recognising that air- 
tightness is sufficient. Consequently, the ex- 
pensive concrete construction in the form 

50 of at least a double concrete shell with a 
seal in between, which has hitherto been 
considered necessary, can be dispensed 
with. This reduces the cost of the whole 
air storage and pumping plant to a very 

55 considerable degree, and at the same time 
enables modern methods of construction 
with earth-boring machines to be easily 
used. 

The invention will now be further de- 
60 scribed, by way of example, with reference 
to the accompanying drawings, in 
which : — 

Figure 1 shows an air storage and pum- 
ping plant for power station installations in 
65 accordance with the invention; 



Figure 2 is portion A of Figure 1, en- 
larged; 

Figure 3 corresponds to Figure 2, but 
shows an alternative construction; 

Figure 4 is portion B of Figure 3, en- 70 
larged; and 

Figure 5, on the same scale as Figure 4, 
is a horizontal section through a portion 
corresponding to Figure 4, with an alter- 
native type of equalising device. 75 

The air storage and pumping plant 
shown in the drawings is intended for 
power station installations which have at 
least one gas turbine set consisting of an 
air compressor 4, a combustion chamber 2, 80 
a gas turbine 1 and an electric generator 3. 
The plant comprises an underground air 
reservoir in a cavity 5 in the ground, and 
ail associated constant-pressure water basin 
6. The underground air reservoir in the 85 
cavity 5 and the water basin 6 are hy- 
draulically connected by 4 a vertical shaft 7. 
The underground air 4 reservoir can be 
charged up during off-peak hours from the 
compressor 4, then driven either by the gas 90 
turbine and /or electric generator, or by an 
electric motor, through suitable connecting 
pipes 8, whilst in peak hours it is con- 
nected to the combustion chamber of the 
gas turbine set instead of the compressor 95 
4. It will be seen from Figure 2 in particu- 
lar that the underground air reservoir has 
a sealing dome 10 which merely lies 
against the wall of the cavity 5, and is 
open at its bottom edge 9 to the floor of ioq 
the cavity, in the manner of a diving bell. 
This sealing dome consists of a suitable 
sealing film e.g. of synthetic material. 
Moreover, the underground air reservoir is 
so set up that in the filled condition, i.e. 105 
the maximum air content, the constant-pres- 
sure water stil covers lower edge 9 of the 
sealing dome 10, whilst in the emptied con- 
dition, i.e. the minimum* air content, some 
air still remains in the region of the top of 110 
the cavity 5. Also indicated in Figure 2 is 
that the sealing dome Id can be bonded at 
some points 11 to the wall of the cavity 5 
for the purpose of installation, but this is 
not essential from the functional 115 
standpoint. 

In the air storage and pumping plant 
illustrated, the underground air reservoir 
readily complies with the requirement of 
airtightness, (watertightness not being de- 120 
manded nor necessary) by the sealing 
dome 10 covering the wall of the cavity 5 
in the diving bell manner. There is no need 
whatever for it to be bonded to the wall of 
the cavity 5 over all its surface. The un- 125 
derground air reservoir must be filled with 
compressed air only until the low water 
level in the reservoir is still above the bot- 
tom edge 9 of the sealing dome 10. When 
water in the ground is at a higher pressure 130 
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than the compressed air, and consequently 
escapes through fissures 12 in tfhe cavity 5. 
this water can flow away behind the seal- 
ing dome 10 or the sealing film. The func- 
5 tioning of the underground air reservoir is 
in no way adversely affected by this. If, on 
the other hand, there are open fissures in 
the ground which do not contain water, 
these will fill up with water. Before starting 
10 up an underground air reservoir, which can 
be considered as consisting of element 10, 
first of all the reservoir should be filled 
with water for some time so that the 
ground can fill up again with water after 
15 the excavation work has been completed. 
When the air reservoir is full of air, that is 
to say when the water level is lowest, there 
exists in the top of the air reservoir a pres- 
sure difference corresponding to the dif- 
20 ference in height between the water level 
and the reservoir top. The sealing film or 
the sealing dome 10 is pressed by this pres- 
sure difference against the wall of the cav- 
ity 5. When the air reservoir is empty, that 
25 is to say when the water level has risen, 
there always remains a small amount of air 
in the reservoir, so that lie sealing dome 
10 is pressed against the wall of the cavity. 
Therefore, after (having once been started 
30 up, the sealing dome 10 remains firmly 
held in its initially determined position 
because of the internal pressure. 

In order to ensure that a space Z (Figure 
3) between the sealing dome 10 and the 
35 wall of the cavity 5 is always filled with 
water, and consequently to ensure that the 
sealing dome 10 receives, so to speak, 
hydrostatic support, there is provided, a 
compensating device, the result of which is 
40 that the space Z is always in pressure- 
equalising communication with the con- 
stant-pressure water. In Figures 3 and 4 
the compensating device consists of a pipe 
13 running from the bottom part to the 
45 to P P art of the cavity. Of course, one 
could also use half of a pipe lying against 
the wall of the cavity 5. On the other 
hand, in alternative construction of Figure 
5, the arrangement is such that the com- 
50 pensating device is a channel 14 made in 
the wall of the cavity 5. There is also in- 
dicated in Figure 3 that the bottom edge 9 
of the sealing dome 10 can be inturned, so 
that it does not rest against the cavity 5, 
55 and consequently constant-pressure water 
can enter here. 

WHAT WE CLAIM IS: — 
1. A plant for storing and pumping air 
60 ^ or P ower station installations having at 
least one gas turbine set consisting of an 
air compressor, a combustion chamber, a 
gas turbine, and an electric generator, the 
plant comprising and underground air re- 
65 servoir in a cavity in the ground having a 



sealing dome consisting of a sealing film 
which lies against the wall of the cavity 
and is open at its bottom, edge to the floor 
of die cavity, and a constant-pressure 
water basin as hereinbefore defined, the 70 
underground air reservoir and the constant- 
pressure water basin being hydraulically 
connected by a vertical shaft, and the un- 
derground air reservoir being able to be 
charged up during off-peak hours from the 75 
compressor, driven, during off-peak hours, 
either by the gas turbine and /or electric 
generator or by an electric motor, through 
suitable connecting pipes, to a filled con- 
dition in which the constant-pressure water 80 
still covers a bottom edge of the sealing 
dome while in an emptied condition some 
air still remains in the sealing dome in the 
region of the top of the cavity, the under- 
ground air reservoir during peak hours, 85 
being connected to the combustion cham- 
ber of the gas turbine instead of the com- 
pressor. 

2. A plant as claimed in Claim 1 , 
wherein the gas turbine comprises a high 90 
pressure, hot air turbine and a low pres- 
sure, combustion gas turbine. 

3. A plant for storing and pumping air 
as claimed in Claim 1 or Claim 2, wherein 
the sealing dome is bonded at some points 95 
to the wall of the cavity. 

4. A plant for storing and pumping air 
as in any preceding Claim, wherein the 
sealing dome is made from a film of syn- 
thetic material. jqq 

5. A plant for storing and pumping air 
as claimed in any preceding Claim, wherein 
a space formed between the sealing dome 
and the cavity is in pressure-equalising 
communication with the constant-pressure 105 
water via an equalising device. 

6. A plant for storing and pumping air 
as claimed in Claim 5, wherein the equalis- 
ing device consists of at least one pipe or 
half a pipe which is, laid along the wall of \\q 
the cavity and runs from, the bottom part 

to the top part of the cavity, 

7. A plant for storing and pumping air 
as claimed in Claim 5, wherein the equalis- 
ing device has at least one channel made 115 
in the wall of the cavity. 

8. A plant for storing and pumping air 
as claimed in Claim 5, wherein the bottom 
edge of the sealing dome is inturned so 
that constant pressure water can, between 120 
the wall of the cavity and the sealing 
dome, gain access to said space. 

9. A plant for storing and pumping air 
for power station installations substantially 

as hereinbefore described with reference to }25 
Figures 1 and 2 of the accompanying 
drawings. 

10. A plant for storing and pumping air 
for power station installations substantially 

as hereinbefore described with reference to 130 
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Figures 3 and 4 of the accompanying HULSE & CO., 
drawings. 

11. A plant for storing and pumping air Chartered Patent Agents, 

for power station installations substantially Cavendish Buildings, 

5 as hereinbefore described with reference to West Street, 

Figure 5 of the accompanying drawings. Sheffield, SI 1ZZ. 
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